Cockroach allergy is a health problem in many parts of the world. In urban environments, indoor exposure to cockroach allergens involves a risk of asthma. The aim of this study was to measure the mass fraction of Bla g 1, a major allergen of the German cockroach (Blatella germanica) in 30 house samples, collected at random from Zagreb area households, Croatia. Dust samples were collected on cellulose fi lters by vacuuming living rooms fl oors. After extraction, Bla g 1 was detected using the commercial enzyme-linked immunosorbent assay (ELISA). Only four of the thirty households had detectable Bla g 1 levels, and only in one was its concentration higher than 2.0 U g -1 , the threshold associated with sensitisation. The Bla g 1 ELISA proved highly sensitive, with the detection limit of 0.12 U g -1
The prevalence of allergic airway diseases such as asthma has been increasing in many countries worldwide including Croatia (1, 2) . Indoor allergens from dust mites, pet dander, moulds, and cockroaches pose an important risk of developing chronic respiratory diseases (3) . Cockroach infestation and the resulting allergen exposure are associated with the development of asthma in genetically predisposed children (4) . Several authors have confi rmed this interaction between environmental and genetic factors in the aetiology of cockroach allergen-related asthma (3) (4) (5) (6) . The most common household cockroach species are Blatella germanica (German cockroach) and Periplaneta americana (American cockroach). While B. germanica is common in the northern hemisphere, especially in the United States and Europe, P. americana is predominant in tropical countries such as Taiwan and Brazil, especially in food related areas (7) . B. germanica contains multiple allergens (Bla g 1, Bla g Bd90K, Bla g 2, Bla g 4, Bla g 5, Bla g 6, Bla g 7), of which Bla g 1 and Bla g 2 have been produced for immunoassays (7) (8) (9) . Bla g 1 belongs to cross-reacting group 1 allergens (10, 11) .
Cockroach infestation leads to accumulation of allergens in reservoir household dust (particles >10 μm in diameter) (7, 12, 13) . Cockroach allergens have been located all over the insect, especially in the saliva, gut, faeces, cast skins, and all over their dead bodies (8, 12) . Similar to mites, sensitisation to cockroach allergens is dose-dependent (14, 15) . Generally, allergen content in settled dust is a good proxy for inhalant exposure (1, 3) . Concentrations of cockroach allergens that actually lead to sensitisation and to symptoms are not well-defi ned. Several authors have proposed that Bla g 1 level greater than 2 U g -1 of settled dust is associated with sensitisation in susceptible individuals, whereas exposure to 8 U g -1 is associated with symptomatic asthma (1, 3, 7, 14) . However, in susceptible individuals, especially in children, cockroach allergens inhaled as aerosols may induce IgE-mediated hypersensitivity at levels below currently proposed thresholds (14, (16) (17) (18) .
In general, cockroach infestation and the resulting allergen exposures are common in both urban and rural homes in the United States (16, (18) (19) (20) . Exposure to cockroach allergens is associated with asthma morbidity, especially in children (19) (20) (21) (22) and the elderly (23) living in low-income households. A similar pattern has been observed in some Asian countries (24, 25) . However, there are relatively little data about indoor exposure to cockroach allergens in European countries, and Bla g 1 has not yet been measured in Croatia.
The capture enzyme-linked immunosorbent assay (ELISA) has widely been used as a standard test in epidemiologic studies for indoor allergen assessment including cockroach allergens and for monitoring the effectiveness of allergen-avoidance measures (26) (27) (28) (29) . The aim of this pilot study was to determine Bla g 1 levels in middle-class households in the Zagreb area using the Bla g 1 ELISA.
MATERIALS AND METHODS

Dust collection and extraction
Thirty dust samples were collected from 30 randomly selected homes in a wider Zagreb city area during 2007 as part of a research project involving residential and occupational exposure to dust allergens. Dust settled on living-room fl oors was collected on cellulose fi lters (Heska AG, Freiburg, Switzerland) with an adapted hand-held vacuum cleaner following a standard protocol (30) . There were no visual signs of cockroach infestation, and no visible signs of humidity. All samples were stored at -20 °C and extracted within a period of month. Before extraction, the samples were manually sieved (pore diameter 400 μm) to remove large nondust debris and then weighted. One hundred-milligram aliquots of fi ne dust were extracted with 2 mL of phosphate-buffer saline containing 0.05 % Tween (PBS-T), shaken with a wrist-action shaker (Ika, Vortex, Germany) and left at room temperature for 2h. Dust extracts were centrifuged at 1800 g for 10 min and supernatants stored in plastic tubes at -20 °C until assayed for Bla g 1 content.
Protocol of Bla g 1 ELISA protocol
Standard, capture (purifi ed mouse anti-Bla g 1 mAb, isotype IgG1, product code: MA-10A6), and secondary (rabbit anti-B. germanica pAb, product code: PA-BG1-1) antibodies were purchased from Indoor Biotechnologies Ltd. (Cardiff, UK). Purifi ed B. germanica allergen extract was used as reference standard (10 U mL -1 Bla g 1, product code: ST-BG 1). The detecting antibody (goat anti-rabbit IgG) was conjugated to horseradish peroxidase (Jackson Immunoresearch Laboratories, Inc., West Grove, PA). Assay buffer containing 1 % bovine serum albumin (BSA) (Sigma, USA, lot no.017K0775) (PBS-T-BSA) was used to achieve the desired dilution of extracts, standards, and antibodies. A 7-points calibration curve [(0, 0.004, 0.008, 0.016, 0.032, 0.063, 0.125) U mL -1 ] was made on every plate. Dust extracts were diluted 5 to 10 times using PBS-T-BSA.
Bla g 1 levels were determined as described elsewhere (10, 29, 30) . Maxisorp 96-well microtiter plates (NUNC, Roskilde, Denmark) were coated with 100 μL per well of mAb clone 10A6 (dilution: 1/1000 in carbonate/bicarbonate buffer, pH 9.6) overnight at room temperature. After washing the microplate (3x300 μL PBS-T) using an automatic plate washing device, capture antibody was blocked for 30 min with 300 μL PBS-T-BSA. Plates were washed again, and incubated with blanks, diluted extracts, standards, and controls (100 μL per well) at room temperature for 1h. After washing three times with PBS, the plates were incubated with rabbit anti-B. germanica polyclonal antiserum (100 μL per well; dilution: 1/1000 in assay buffer) for 1 h. The plates were then washed and 100 μL per well of peroxidase-labelled goat anti-rabbit IgG (dilution: 1/1000 in assay buffer) was added. After additional 1-h incubation, the plates were washed a g a i n a n d 1 0 0 μ L o f s u b s t r a t e T M B (tetramethylbenzidine and peroxide in buffer) (Adaltis, Italy) was added to each well. Colour was allowed to develop for 10 to 15 min, and the reaction was stopped using 100 μL per well of sulphuric acid (1 mol L -1 ). Absorbance was measured at 450 nm using a IASON microplate reader (Graz, Austria), and unknown sample concentrations were determined by linear regression analysis of the calibration curve. Negative and positive controls were also included in each run. To exclude non-specifi c binding, a control plate was coated with unrelated mouse mAb (IgG1) and processed simultaneously with and under the same conditions as samples through all the steps of the analytical procedure. The absorbance values of this plate were subtracted from the absorbance values obtained for each individual dust extract. All analyses were carried out in duplicate and expressed as U g -1 of sieved dust.
Bla g 1 ELISA validation
The limit of detection (LOD) was calculated by measuring the absorbance of 10 replicates of Bla g 1-free dust extract (zero dose calibrator) + 3 standard deviations (matrix effect). Within-assay imprecision was established after 10 measurements of dust extracts with a medium Bla g 1 concentration (1.05 U g -1 ) and expressed as coefficient of variation (CV; %). Between-assay precision was determined by measuring the concentration of the same dust extract in triplicate over three days and is expressed in percentage as CV between daily means. The accuracy (%) of the method was determined by testing recovery of the same dust extract spiked with Bla g 1 (1.05 U g -1 of dust) in duplicate over three days.
Statistics
All data were analysed using Statistica for Windows (StatSoft, Inc 2009, USA, version 9.0). The results are presented as median and range.
RESULTS AND DISCUSSION Table 1 shows the median and the range of Bla g 1 in living-room dust samples and their distribution by the following categories: 1) below LOD; 2) below sensitisation threshold (0.12 to 2) U g -1 ; and 3) above sensitisation threshold (≥2.01 U g -1 ). Most samples had Bla g 1 below LOD, while only four had detectable Bla g 1 levels. A similar frequency (14 %) of Bla g 2 allergen has been reported in urban homes in Germany (31). Cohn et al. (1) reported that nearly 44 % of living-room dust samples in the US had detectable Bla g 1 levels. The highest Bla g 1 levels were observed in urban, multi-family households with low socioeconomic status (SES) and in homes built before 1940. Recent studies have highlighted high levels of cockroach allergens in homes of asthmatic residents, especially children (14-22, 32, 33) . In a Polish study (32) , cockroach allergen Bla g 2 was found in 55 % of house dust samples taken from homes of children with asthma. Even higher exposure to cockroach allergens has been reported in similar studies in the USA. In the National Inner City Asthma Study (NCICAS, 15), Bla g 1 was detected in 85 % of bedroom dust samples taken from households in large metropolitan areas which belonged to families with asthmatic children and low SES. A similar high distribution of samples with cockroach allergens (60 %) was reported for the homes of asthmatic residents of a wide spectrum of SES in the Boston metropolitan area (33) . However, in the Childhood Asthma Management Program study, which included children from eight North American cities, household Bla g 1 exposure varied considerably across cities (21) . The impact of socio-demographic factors on indoor cockroach allergen exposure has been discussed in detail elsewhere (1, 18, 20, (33) (34) (35) (5) found median Bla g 1 as high as 3.5 U g -1 in homes belonging to asthmatic and non-asthmatic children (overall poor, Afro-Americans or Hispanics), who resided in the metropolitan area of Baltimore. In the NCICAS study (15) , even higher Bla g 1 levels (median 8.2 U g -1 ) were found in bedrooms of inner-city children with asthma.
However, the primary site of cockroach allergen accumulation is the kitchen (1, 10, 12, 16, 20, 36) and kitchen cockroach allergen levels may be considerably higher than bedroom or living room levels. Table 1 shows that in only one sample, in our study, Bla g 1 exceeded the lower threshold of 2 U g -1 , associated with sensitisation of atopic patients and no sample exceeded the threshold of 8 U g -1 associated with asthma morbidity (7) . In contrast, the prevalence of samples with Bla g 1 above these threshold was considerably higher in the study of US homes by Cohn et al. (11 % above 2 U g -1 and 3 % above 8 U g -1 ) (1). In a study by Wang et al. (35) , the prevalence of samples with Bla g 1 levels above these thresholds was about fi ve times higher in low-income households than in average US homes. In homes of asthma patients, the prevalence of cockroach allergens above these limits varies widely between studies, but is usually high (15, 16, 18, 19, 32, 33) . Our fi ndings of Bla g 1 levels in reservoir dust taken from homes in Zagreb area are consistent with German fi ndings (31). In our previous study, Bla g 2 was not detected in any of 94 house dust samples determined by semi-quantitative method Dustscreen™ (Heska AG, Switzerland). Furthermore, the positive skin prick test to German cockroach allergens among adults in inland Croatia was 9.6 %, and 12.2 % in atopic individuals, and was strongly related to skin reactivity to dust mites, probably due to the crossreactivity (37) . There were no atopic monosensitised subjects to cockroach allergens in inland Croatia. Our present and earlier data do show exposure to low levels of cockroach allergens typical for well-kept households, according to Leaderer et al. (18) . Moreover, these authors suggest that cockroach allergens have opposite associations with SES and population density from mite allergens; well-kept households tend to have low cockroach and high mite allergen levels. This is supported by our earlier fi ndings (38) in the exact same samples; mite allergen Der p 1 and Der f 1 levels were much higher than cockroach Bla g 1 levels. A similar distribution has been reported in Germany (31), Poland (32) , and in some more heterogeneous US studies (18, 21) .
To our knowledge, there are relatively little data about the extent of cockroach allergen exposure in other European countries. A study in France (39) found very high cockroach allergen levels in low-cost public apartments, similarly to low-income homes in the US (1, 15) . In some susceptible children, Bla g 1 levels below currently proposed thresholds may cause symptoms and contribute to asthma (16) (17) (18) . Except in homes, detectable cockroach allergen levels were reported in some public places such as schools in Baltimore (median Bla g 1=2.6 U g -1 ) (36) and in Manchester (UK) (geometric mean Bla g 2=2.4 U g -1 ) (40) . These data suggest that exposure to cockroach allergens in school environment may constitute an important occupational and environmental risk of sensitisation. Not only do cockroaches carry very potent allergens, but they also vector some pathogenic bacteria, fungi, and parasites and may disseminate various infectious diseases (8, 41) .
Monitoring of indoor allergen levels requires a very sensitive method such as ELISA. The sensitivity and precision of this method are shown in Table 2 , including earlier reports for other allergens (38, 43, 44) . Its LOD of 0.12 U g -1 for Bla g 1 is comparable to assay sensitivity of 0.05 U g -1 to 1 U g -1 reported previously (1, 14, (16) (17) (18) (19) (20) (21) . The within-and betweenassay imprecision was 8.9 % and 14.4 %, respectively, and accuracy 85 % to 120 %. Thanks to the high sensitivity of the assay, dust extracts could be highly diluted in order to eliminate matrix effects.
Most of the cockroach allergens identifi ed to date are species-specific, including Bla g 2 (7, 42) . Sensitisation and exposure data suggest that Bla g 2 induces strong IgE response at exposure levels that are often 10 to 100 times lower than levels of other common indoor allergens (9, 13, 42) . However, group 1 allergens (Bla g 1 and Per a 1 produced by B. germanica and P. americana, respectively) share homology in their structure and signifi cant crossreactivity (7, 8, 11, 12) . Therefore, Bla g 1 ELISA may not be highly specifi c, and Bla g 2 ELISA may provide a better assessment of exposure to cockroach allergens. Our discussion is limited to measurements of the living-room fl oor, and does not take into account other conditions that may have infl uenced allergen exposure such as urbanisation level, dwelling type, number of residents, or air conditioning. Still, our results clearly show that exposure of Zagreb area residents to cockroach allergen Bla g 1 is very low. Further epidemiological studies could look deeper into exposure to different cockroach allergens, involving a more representative sample that would include different parts of Croatia.
